Abstract The cold periods of the Pleistocene have had a striking impact on the diversification of most organisms in temperate regions. Phylogeographic patterns and postglacial expansion are poorly understood in the Black Grouse (Tetrao tetrix). This species is widely distributed across Eurasia, and has been divided into a number of subspecies on the basis of morphological differences and geographic isolation. To investigate the evolutionary history of the species, 143 samples from different regions were examined for a mtDNA control region fragment. Overall, analyses of mtDNA gave support for the divergence between Tetrao tetrix tetrix, T. t. ussuriensis and T. t. mongolicus. The analyses reveal the effects of colonisation out of glacial refugia on the genetic diversity and genetic structure of Black Grouse. The phylogeographical results are consistent with a demographic population expansion following a bellshaped mismatch distribution, a star-shaped phylogeny and low nucleotide diversity. Patterns of postglacial dispersal imply that Black Grouse from southern Europe have been restricted to this area, and did not contribute to the genetic diversity of northern Europe. Instead, Black Grouse spread out to northern Europe from a refugium in the east and a possible one in western Europe, following the retreat of glacial ice sheets, although both refugia remain unidentified. We suggest that T. t. britannicus and T. t. viridanus correspond to northern T. t. tetrix, and that this lineage has diverged from the other subspecies. This division is tentative due to limited sampling, but it will facilitate the management of different evolutionary significant units of the species.
Introduction
The cold periods of the Pleistocene have had a striking impact on most organisms in temperate regions (Hewitt 2000) . The Arctic ice sheet started to grow about 2.5 Mya, with more harsh climate fluctuations during the last 700,000 years, producing major changes in species distributions (Hewitt 1996) . The places where species persist during glaciations that denote the species' maximum contraction in geographical range have been described as refugia (Stewart et al. 2010) . With the amelioration of climate, species expanded northwards from one or several refugia and colonised uninhabited areas (Hewitt 1996) . The major glacial refugia for many species have been identified in the southern peninsulas of Iberia, Italy and the Balkans, where climatic conditions were less extreme during the Last Glacial Maximum (LGM, (Hewitt 1996 (Hewitt , 1999 (Hewitt , 2000 Taberlet et al. 1998 ). However, it has been suggested that glacial refugia in Asia and northeastern Europe may have contributed to the colonisation of northern Europe (Bilton et al. 1998; Naydenov et al. 2007 ). Examples of more northern glacial refugia near Moscow have been found for Norway spruce (Picea abies) (Lagercrantz and Ryman, 1990) and in Scandinavia for the Norwegian lemming (Lemmus lemmus) (Fedorov et al. 1996) . In Asia, refugia have been suggested in the Middle East and the Caspian Sea (Durand et al. 1999; LiukkonenAnttila et al. 2002; Hansson et al. 2008) . However, few data are available on the contribution of potential easternmost refugia (Taberlet et al. 1998 ).
There have been several studies assessing patterns of genetic variation to infer population expansions from refugia (Taberlet et al. 1998) , allowing inferences about the processes that led to current levels of genetic diversity and population structure (Johnson et al. 2007 ). This information is important for conservation management purposes, and for revising the traditional species and subspecies designations (Avise and Ball 1990; Moritz 1994) .
In the present study, we focus on Black Grouse (Tetrao tetrix) which is a forest bird species distributed across Europe, from Britain to Siberia. It occurs as far north as Norway (at 70°N) and as far south as Kyrgyzstan and Manchuria (at 40°N). It inhabits a continuous range in large parts of the boreal forest, but is patchily distributed in Central Europe (Höglund et al. 2007b ). The phylogeographic history, refugial isolation and post glacial expansion have not been studied so far in this species. Following its wide continental distribution, seven subspecies of Black Grouse have been described and defined by differences in body size and plumage coloration (del Hoyo et al. 1994) . In Europe and north Siberia, the dominant subspecies is T. t. tetrix, with an isolated subspecies described in Great Britain, T. t. britannicus. The other five subspecies are located in Asia: T. t. viridanus in northwest Kazakhstan and southeast Russia (from the Don river to the Irtysh river), T. t. mongolicus in southeast Kazakhstan and west Mongolia, T. t. tschusii in south-central Russia (from the Irtysh river to Irkutsk and the Baikal lake), T. t. baikalensis in the eastern part from the Baikal lake and northern Manchuria and T. t. ussuriensis in southern Manchuria and North Korea (Peters 1934) . Since morphological distinctions have been based on few specimens and geographically restricted samples, the exact boundaries of the Asian subspecies are not clear and, therefore, the adequacy of these subspecies designations is tentative. The reliability of these subspecies designations and their relevance for conservation purposes are thus not certain.
Here, we report a phylogeographical study of Black Grouse, including seven described subspecies: T. t. tetrix, T. t. britannicus, T. t. viridanus, T. t. mongolicus, T. t. tschusii, T. t. baikalensis and T. t. ussuriensis. Due to limited sampling, mongolicus was combined with tschusii, and baikalensis with ussuriensis for all the genetic analyses. Although the definition of a subspecies is problematic, we hold to the subspecies concept defined by Avise and Ball (1990) and O 'Brien and Mayr (1991) , to include populations below the species level that share a distinct geographic distribution and a unique natural history relative to other subdivisions of the species. In addition, subspecies at the molecular level are revealed when all sequences from a subspecies share a common ancestral sequence not found in individuals from any other subspecies (Avise 2000) . This reciprocal monophyly would imply that a subspecies has been evolving independently for more than 2N ef generations, where N ef is the effective size of the female population, giving support to the subspecies concept (Avise 2000; Zink 2004 ).
We estimated the genetic relationships and population structure among Black Grouse subspecies using a fragment of the mtDNA control region. Mitochondrial DNA analyses will reveal whether the subspecies are evolving independently or are in an intermediate stage of isolation due to an ongoing exchange of breeding individuals (Zink 2004 ). In addition, we address the phylogeography, and in particular we ask whether southern and/or eastern refugia acted as sources of colonisation after deglaciation. The results of this study will provide a better understanding of the history and the systematic classification of Black Grouse, which will be useful for conservation and management purposes in the near future.
Methods

Tissue collection and DNA extractions
Samples were obtained from the collections of the Natural History Museum in Stockholm, Helsinki, Å rhus, Hamburg, Kharkiv and Almaty. All samples were footpad scrapes (5 mm 2 ) of dried Black Grouse specimens that have been stored for periods ranging from few years to decades (Appendix 1, supplementary material). In total, 43 museum samples were obtained from Finland, Denmark, Germany, Estonia, Russia, Kazakhstan and Korea. In addition, 97 samples (blood, muscle and feathers) from Sweden, Norway, Netherlands, France, Italy, Switzerland, Ukraine, Wales, Scotland and England were collected in the field (Fig. 1) . We also included in our analyses three Black Grouse sequences from Russia and Mongolia (Drovetski 2002 ; GenBank accession numbers AF532457, AF532458, AF532459). These samples represent the subspecies T. t. tetrix, T. t. britannicus, T. t viridanus, T. tschusii, T. t. mongolicus, T. t. baikalensis and T. t. ussuriensis (Appendix 1, supplementary material).
Skin, muscle and feather samples were cut into small pieces using a sterile scalpel followed by a proteinase K-DTT 1 M digestion with an extended incubation interval at 56°C for up to 48 h until little solid tissue remained. DNA was extracted using the Qiagen DNeasy Ò blood and tissue kit following the different manufacturer protocols for tissue, feathers and blood (Qiagen, Hilden, Germany).
Sequencing
We obtained a fragment of 304 nucleotides of the control region (CR) with the primers 186L/521H (Quinn and Wilson 1993) . Sequences started at position 170 and ended at position 471 when comparing with the complete CR sequence for Black Grouse (GenBank accession no. AJ297153). Amplification was performed in 25-ll reactions following Johnson et al. (2003) and 35 cycles. PCR products were run on 2 % agarose gel containing ethidium bromide. The ethanol/salt and isopropanol precipitation protocol was used for pre-sequencing cleanup. Samples were sequenced in a MegaBace (Amersham Biosciences) using the DYEnamic ET Dye Terminator Kit (Amersham Biosciences) following the manufacturer's indications. All amplified fragments were sequenced twice with both lightand heavy-stranded primers and compared with the complete Black Grouse CR sequence from GenBank for accuracy (No. AJ297153). We sequenced the same CR fragment for the closely related species Caucasian Grouse (T. mlokosiewiczi), and Capercaillie (T. urogallus) to be used as outgroups. We also used one sequence of Causasian Grouse (AF532460) to compare with our results. Unique sequences have been deposited at GenBank under the accession numbers HQ889288, JF440304, JF440311- JF440313, JF440315-JF440333, JQ966110-JQ966120, JX312695-JX312698 and KC514352-KC514353. To avoid contamination, the equipment was exposed to ultraviolet radiation and DNA extractions, pre-PCR and post-PCR, were done in different rooms, and aerosolresistant filter pipette tips were used throughout.
Statistical analyses
Each complete sequence was generated by aligning and editing in MEGA 3 (Kumar et al. 2004) . Nucleotide diversity (p) and haplotype diversity (h) were estimated with their respective standard deviations for each population using ARLEQUIN 3.0 (Excoffier et al. 2005) and DnaSP version 4.0 (Rozas et al. 2003) . p is the average pairwise nucleotide difference between individuals within samples and h is the probability that two randomly chosen individuals have different haplotypes (Nei 1987) . h ST values were calculated using a distance matrix between haplotypes as implemented in ARLEQUIN 3.0 (Excoffier et al. 2005) . Differences between populations were tested using 10,000 permutations with Fisher's exact test. We tested for significant variance in the distribution of control region sequences between groups of populations, populations and individuals using AMOVA, carried out in ARLEQUIN 3.0 (Excoffier et al. 2005 ). The T. t. tschussi sample was combined with T. t. mongolicus and, T. t. baikalensis with T. t. ussuriensis due to geographical closeness, in order to obtain better resolution. We created a minimum spanning network with all unique haplotypes. For this analysis, we used the Median-Joining (MJ) network algorithm implemented in the program NETWORK v.4.1.1.0 (Bandelt et al. 1999) .
To examine general evolutionary relationships among subspecies, we estimated genetic distances between individuals. Neighbor-joining (NJ) trees were constructed in MEGA 3 (Kumar et al. 2004 ) with 10,000 bootstrap replicates to assess the statistical significance of internal nodes. We performed Bayesian phylogenetic inference with MrBAYES v.3.2 (Ronquist and Huelsenbeck 2003) to confirm levels of NJ bootstrap support. The TPM1uf?G model (=K81 with unequal base frequencies and gamma distribution rates) (Kimura 1981) was the best-fit model of nucleotide substitution for the CR sequences tested in MODELTEST v.3.7 (Posada and Crandall 1998) with selection based on the Akaike Information Criterion (AIC; Akaike 1974) . Analysis in MrBayes included two separate runs, each containing 1 cold chain and 3 heated chains using a temperature of 0.15. Markov chains were sampled every 500 generations and run for 2 million generations. A tree was drawn using FigTree v.1.2.2 (available at http:// tree.bio.ed.ac.uk/software/figtree/).
To examine whether the species showed any sign of historical population expansion, we estimated Tajima's D (Tajima 1989 ), Fu's Fs (1997) and a mismatch distribution analysis (Rogers and Harpending 1992) for every subspecies using ARLEQUIN 3.0 (Excoffier et al. 2005) . Negative values of Tajima's D can be interpreted as evidence of population expansions (Fu 1997) , and negative values of Fs indicate an excess of recent mutations and reject population stasis. A diagram of frequencies of pairwise genetic differences was drawn using DnaSP v.4.0 (Rozas et al. 2003) . A thousand bootstrap replicates were used to generate an expected distribution using a model of sudden demographic expansion (Excoffier et al. 2005) . The sum of squared deviation (SSD) and the raggedness index were also calculated. These measures quantify the smoothness of the observed mismatch distribution. Small raggedness values are typical of an expanding population whereas higher values are observed among stationary or bottlenecked populations (Harpending et al. 1993) .
To estimate the time of expansion, we used the formula t = s/2u (Rogers and Harpending 1992) , where t is the number of generations, s is the mode of the mismatch distribution, expressed in units of evolutionary time, and u = lk where l is the mutation rate per nucleotide and k is the length of the analysed sequence. The mutation rate of the avian control region is uncertain (Hansson et al. 2008 ), but we used a mutation rate between 9.12 9 10 -5 and 3.65 9 10 -4 (3 years generation time and 304 bp) for the domain I (Randi et al. 1999) , which is a hypervariable region in the CR (Quinn 1992; Holder et al. 1999; Randi et al. 1999; Baba et al. 2002; Ruokonen and Kvist 2002) .
Results
Unambiguous DNA sequences could be generated for all 143 samples. The haplotypes had only 33 polymorphic sites (of which 22 were parsimony informative) out of 304 bp. There were 30 transitions, 4 transversions and 4 indels at the variable sites. We found 38 haplotypes and from these 26 belonged to T. t. tetrix, 5 to T. t. britannicus, 4 to T. t. viridanus, 6 to T. t. mongolicus, 1 to T. t. tschusii, 1 to T. t. baikalensis and 1 to T. t. ussuriensis. One haplotype (H1) occurred in all study areas except for southern Europe, Kazakhstan, Mongolia and North Korea. There were 22 unique haplotypes for T. t. tetrix (H3-H15, H22-28, H34-H35), 3 for T. t. viridanus (H30, H32, H37), 1 for T. t. tschusii (H31), 5 for T. t. mongolicus (H19-H21, H31, H36), 2 for T. t. britannicus (H17, H18), 1 for T. t baikalensis (H38) and 1 for T. t. ussuriensis (H29) (Appendix 2, supplementary material). Total haplotype diversity was 0.827 ± 0.029 and nucleotide diversity was 0.0877 ± 0.050. The highest diversity values were found in T. t. viridanus, T. t. mongolicus and southern T. t. tetrix. Sweden and Netherlands had the highest values within T. t. tetrix (Table 1 ).
The overall fixation index was 0.655 (P B 0.001 AM-OVA). Pairwise h ST values (Table 2 ) ranged from 0 to 0.771. We detected that all samples from southern Europe were highly differentiated from the northern European ones (h ST = 0.713, P \ 0.05). Therefore, we divided T. t. tetrix in northern and southern samples for the subsequent analyses. Southern T. t. tetrix, T. t. viridanus, T. t. mongolicus and T. t. ussuriensis were greatly differentiated from northern T. t. tetrix, and T. t. britannicus (Table 2) . When the h ST pairwise comparison were performed between populations of northern T. t. tetrix, we found that SwedenNetherlands (h ST = 0.142, P = 0.018), Sweden-Estonia (h ST = 0.129, P = 0.020), Russia-Germany (h ST = 0.027, P = 0.017) and Estonia-Germany (h ST = 0.457, P = 0.033) had significant values (data not shown). Analysis of molecular variance of the CR was consistent with high levels of genetic structure. We found highly significant structure among groups (45.64 % of variance), among populations within groups (19.89 % of variance), and within populations (34.47 % of variance).
We did not find many differences between NJ and Bayesian phylogenetic topologies of Black Grouse. Although the NJ tree was capable to discern between subspecies, the bootstrap values were low (\75 %; not shown) and only gave support to the division between southern and northern T. t. tetrix (bootstrap value 75 %; not shown). Consequently, only the Bayesian tree is displayed (Fig. 2) . The most remarkable aspect of the topology was the well-supported separation of southern and northern T. t. tetrix. Haplotypes H26 and H28 were only found in southern T. t. tetrix, but they were placed together within the northern T. t. tetrix-T. t. britannicus clade. In addition, five samples from T. t. viridanus (H1, H30, H32) and three samples from T. t. mongolicus (H21, H36, H33) were found within the northern T. t. tetrix clade. Three more clades could also be differentiated: one clade with samples from T. t. ussuriensis and T. t. baikalensis, another clade with samples from T. t. tschusii and T. t. mongolicus, and a clade formed by three individuals from T. t. tetrix, indicating a possible origin unrelated to the northern and southern clades. The Minimum Spanning network (Fig. 3) gave complementary information and verified the existence of the clusters suggested in the Bayesian tree.
The star-like phylogeny of haplotypes (Fig. 3) , the reduced levels of haplotypic and nucleotide diversity demonstrate that some subspecies have undergone an expansion from a population of low genetic diversity. This historical population expansion was also confirmed by Tajima's D and Fs only for northern T. t. tetrix (D = -1.706, P \ 0.01; Fs = -14.082, P \ 0.001) and T. t. britannicus (D = -1.728, P \ 0.02; Fs = -1.690, P \ 0.05). The mismatch distribution fitted a bell-like curve (Fig. 4) typical of a population undergoing exponential growth rather than an L-shaped one indicative of equilibrium (Slatkin and Hudson 1991) . The sum of squared deviations (SSD) of mismatch distribution and the raggedness index were non-significant, indicating that the curve fits the sudden expansion model (Table 3 ). In addition, the multimodal mismatch distribution indicates that this expansion took place from at least three different refugia (Fig. 4a-f) . We found one common refugium, when we considered samples from northern T. t. tetrix, T. t. britannicus and T. t. viridanus (Fig. 4d) . However, the mismatch distribution of Great Britain, Netherlands and Switzerland revealed the presence of two different lineages, confirming the western European clade (Fig. 4c) . Northern T. t. tetrix together with T. t. britannicus started to expand approximately 21129-5282 YR BP, indicating that the expansion occurred after the LGM (23-18 kya).
Discussion
Species status
To our knowledge, this is the first attempt to describe the phylogeography of Black Grouse in Eurasia, as previous Schönwetter (1960 Schönwetter ( -1962 suggested different values for egg weight depending on the subspecies (see Schreiber et al. 1998 for more information). Niewold and Nijland (1987) suggested that Dutch Black Grouse should be classified as distinct subspecies because of their heavier and larger size, longer legs and sparser plumage than the German and Swedish grouse. This was refuted by Schreiber et al. (1998) in an analysis of 38 allozyme loci in 95 individuals from southern Germany, Netherlands and Sweden. Subspecies were often described on the basis of a few skins kept in museums, in which colours can change with the age of the bird and the time since collection, and the skeleton was not necessarily available (Duriez et al. 2007 ). These taxonomic divisions need to be revised in order to assess, design and implement conservation plans for a species or subspecies (Mace 2004) . These early subspecies descriptions suffer various fates: in Capercaillie, there was not a clear genetic differentiation between three local subspecies in Finland (Liukkonen-Anttila et al. 2004) , nor among ten Eurasian subspecies, except for the Pyrenean birds that formed a genetically distinct unit (Segelbacher and Piertney 2007; Duriez et al. 2007 ). In Sage-grouse, Benedict et al. (2003) did not find a genetic distinction between the described eastern and western subspecies. In contrast, other studies have found evidence for different subspecies (Black-tailed Godwits, Höglund et al. 2007a; Tigers, Luo et al. 2004; Redshank, Ottvall et al. 2005) ; and sometimes subspecies have been raised to species status (Gunnison Sage-grouse, Young et al. 2000 ; Blue Grouse, Barrowclough et al. 2004; Clouded Leopard, Wilting et al. 2007 ; but see Isaac et al. 2004 ). In the case we study here, our results agree with similar studies that found evidence to support some subspecies delineation: mtDNA tree showed a divergence between T. t. Tetrix, T. t. mongolicus and T. t. ussuriensis and a similarity between T. t. Tetrix, T. t. viridanus and T. t. britannicus. In addition, we found that T. t. tetrix may be divided in three clades: (1) the southern clade corresponding to Italy, France and Switzerland; (2) the northern clade corresponding to Netherlands, Germany, Denmark, Estonia, Russia, Ukraine, Finland, Sweden and Norway; and (3) the western clade formed by individuals from Netherlands, Switzerland and UK. The dominant northern European group included two southern birds (Italy, Switzerland). This may suggest secondary contact between both groups after the ice age, and an admixture of different populations. Gene flow does occur among populations in the Alps but it is limited due to habitat fragmentation (Caizergues et al. 2003) .
On the basis of the genetic results, we recommend the recognition of three subspecies: T. t. tetrix, T. t mongolicus, and T. t. ussuriensis considering previous criteria for the designation of subspecies (Avise and Ball 1990; O'Brien and Mayr 1991) . Whether T. t. tschusii and T. t. baikalensis are proper subspecies still remains unclear. Additional sampling in East Asia will be critical to determine the taxonomic status of Black Grouse subspecies poorly included in this study.
Reciprocal monophyly is a requisite to assess subspecies at the molecular level (Zink 2004) . However, we consider that monophyly does not compile the validity of a subspecies for several reasons: (1) subspecies are not reproductively isolated; (2) usually continental subspecies in the Palearctic have geographical ranges that overlap and therefore, divergence will be low; and (3) there might not have been enough time for divergence and reciprocal monophyly to evolve, since Black Grouse subspecies may be young, probably appearing during the last glacial maximum (Phillimore and Owens 2006).
On the other hand, our results confirm the assumption of Höglund et al. (2011) who found that British Black Grouse are significantly divergent in microsatellite data but not reciprocally monophyletic with respect to mtDNA caused by sharing of haplotypes with continental Europe. Therefore, the British population is a Management Unit (i.e. populations with significant divergence of allele frequencies at nuclear or mitochondrial loci, regardless of the distinctiveness of the alleles; Moritz 1994), but not a subspecies (Höglund et al. 2011) . Regarding the division within T. t. tetrix, it would appear that southern T. t. tetrix has had a distinct evolutionary history that merits recognition. We suggest that this clade should be considered as an Evolutionary Significant Unit (i.e. populations that are reciprocally monophyletic for mtDNA alleles and show significant divergence of allele frequencies at nuclear loci; Moritz 1994) . This clade has a distinct geographic distribution, and it is divergent at microsatellite loci (Caizergues et al. 2003; Höglund et al. 2007b ) and mtDNA as seen in this study. However, the mtDNA relations with populations from the northern Alps still remain to be investigated.
Postglacial colonisation
Phylogeographical structure has been documented in several avian species from Europe and North America (Merilä et al. 1997; Milá et al. 2007; Pitra et al. 2000; Barrowclough et al. 2004) . Our analyses distinguished five lineages in Black Grouse with high posterior probability values for the divergence between northern and southern T. t. tetrix, T. t. mongolicus, T. t. ussuriensis and a western European clade. Our results also confirm the four distinct clades (two Alpine, Norway and Kazakhstan) found by Randi et al. (1999) using CR.
On the other hand, genetic diversity values of samples from Netherlands, Switzerland and Britain were approximately the same as values of other populations. This high genetic diversity is due to the admixture of lineages from different refugia that gave rise to a hybrid zone (Provan and Bennett 2008) . When haplotypes from one of the lineages were removed in the mentioned populations, the genetic diversity decreased (data not shown). On the other hand, new haplotypes could arise in situ after the colonisation process, such as in Sweden and Ukraine, due to selection shifting over time and these haplotypes do not represent those found during the LGM (Provan and Bennett 2008) .
During the Pleistocene, the ice sheets advanced and receded periodically producing major changes in species distributions: some became extinct and others dispersed and survived in refugia (Hewitt 2000) . At the last glacial maximum (LGM; 23-18 kya), a continuous ice sheet existed along northern Europe for over ca. 2,200 km, extending south to 52°N and permafrost south to 47°N (Hewitt 2004) . Populations restricted to refugia during unfavourable climatic cycles would rapidly expand their range following the retreating glacial ice sheets, encountering a wide variety of unoccupied habitats when conditions improved (Hewitt 1999) .
Analyses of mismatch distributions can be used to detect and date historical population expansions (Prairie Chicken; Johnson et al. 2007; Johnson 2008 ; Great Reed Warbler (Acrocephalus arundinaceus), Hansson et al. 2008) . For Black Grouse, the bell-shaped mismatch distribution, the star-shaped phylogeny with a central common haplotype and low nucleotide diversity are consistent with a demographic population expansion. These are signs of an abundant species that has expanded its range rather recently from small or modest numbers of founders (Avise 2000) .
Our estimated dates of population expansion (20-5 ky BP) correspond with the beginning of postglacial colonisation of available pristine habitat following the last ice retreat (14-10 ky BP). Some studies have revealed population expansions that also occurred after the last deglaciation. In wood lemmings (Myopus schisticolor), the colonisation started between 5-2.5 ky BP (Fedorov et al. 1996) , in Great Reed Warblers, it started between 4 and 1.5 ky BP (Hansson et al. 2008) , and in silver birch (Betula pendula) as early as 10 ky BP (see Palmé et al. 2003) . These estimates should be interpreted cautiously because they are sensitive to mutation rates and generation times, and assume a constant molecular clock (Hansson et al. 2008) .
Patterns of postglacial dispersal from refugia in the southern peninsulas of Iberia, Italy and the Balkans have been described for several species, such as bears, voles, oaks (see Taberlet et al. 1998) and Capercallie (Duriez et al. 2007; Segelbacher and Piertney 2007) . Other taxa such as Black Grouse did not follow this pattern (Bilton et al. 1998) . Our Alpine/southern clade did not expand possibly because the populations of this area had no or only limited exchange of individuals and thus evolved separately, resulting in a different genetic group (Randi et al. 1999; Schmitt 2007) . Fossils of Black Grouse have been found in the Balkans (Boev 1992; Mlíkovský 1995) and in the Iberian Peninsula (Sanchez-Marco 2004) , indicating that the species survived in these areas but, after climate warming, these populations became extinct.
To our knowledge, eastern European and Asian refugia that have been suggested are: (1) the Carpathians (Jaarola and Searle 2002; Deffontaine et al. 2005) ; (2) the Caspian region and Middle East (Durand et al. 1999 , LiukkonenAnttila et al. 2002 Hansson et al. 2008) ; (3) Beringia and eastern Siberia (Holder et al. 1999; Abbott et al. 2000; Holder et al. 2000; Skrede et al. 2006 ); (4) Moscow (Lagercrantz and Ryman 1990); (5) Manchuria and Mongolia (Baba et al. 2002) ; and (6) the southern Ural Mountains, where most of Taiga species might have started a postglacial expansion (Goropashnaya et al. 2004; Schmitt 2007) .
Our genetic data reflect that five lineages of Black Grouse survived glaciations in separated refugia, but only two were capable to contribute to the genetic diversity of Europe. We propose the existence of two refugia based on our results, although accurate locations remains unidentified: (1) an area near the Ural Mountains with a postglacial expansion westwards to Sweden and central Europe, and (2) a possible refugium in western Europe (i.e. France) with a postglacial expansion northwards to the Netherlands and Britain.
The eastern Black Grouse expansion pattern is also similar to that seen for the Scots pine Pinus sylvestris (Naydenov et al. 2007 ), Norway spruce Picea abies (Lagercrantz and Ryman 1990) , and mountain avens Dryas octopetala (Skrede et al. 2006) , species from a boreal climate, which could not survive in the southernmost regions. Moreover, it is also known that wood lemmings colonised the north-eastern part of the Scandinavian Peninsula from Russia and Finland, and their time of expansion was estimated based on the spread of spruce forest into Scandinavia (Fedorov et al. 1996) .
We would thus expect a general correlation of expansion response of animals and suitable vegetation due to the animals' dependence on plants (Hewitt 1996) . We can conclude that the expansion of Black Grouse from eastern refugia is likely to have followed the establishment of coniferous woodland in Europe. This correlation was also suggested between the expansion patterns of oak and hedgehog (Seddon et al. 2001) .
To the east of Europe and across Siberia the barriers for many species are less clear during the interglacial, but these regions would have been hostile during glacial periods (Hewitt 1996) . However, the existence of refugia at mid-northern latitudes could have been possible for coldadapted species such as silver birch (Palmé et al. 2003) .
Evidence from macrofossils and palynological data indicates that cold-tolerant trees survived the LGM at relatively high latitudes and that populations were probably distributed along the edge of the glaciated areas rather than restricted to a few well-defined refugia (see Palmé et al. 2003) . There are also indications that the climate during the LGM was warm enough for Scots pine to survive and grow well as far north as 50°N upon permafrost (Naydenov et al. 2007) . Grouse are also cold-adapted species which depend on coniferous-birch forest; therefore, it might have been possible for them to survive in this region. This condition would connect scattered ''cryptic'' refugia fairly close to margin of the ice sheet at its full-glacial extension (Provan and Bennett 2008) .
Implications for conservation
Globally, the Black Grouse is classified as not threatened (IUCN 1996) , although information in Asia is scarce. The species was discovered in the north of South Korea in 2002 (Rhim et al. 2003) , and it might be still extant in the far north-east of North Korea (Duckworth and Moores, personal communication). The distribution range in Europe is fragmented, as large contractions and declines have occurred during the twentieth century (Storch 2007) . Current conservation measures include habitat restoration, reintroduction projects and predator control (Storch 2007) .
Our results clearly reveal that the southern European Black Grouse qualifies to be considered as an ESU (Moritz 2002) , since it is geographically and genetically isolated. Caizergues et al. (2003) suggested that restricted gene flow and a large genetic drift owing to small effective population sizes were the causes of lower genetic variability in the southwestern Alps populations relative to those found in the northern Alps. Overall, this would imply that individuals from northern Eurasian populations cannot be used for exchanging or reintroduction purposes into the southern European populations or vice versa. Consequently, the use of local birds should be only considered for conservation measures in southern Europe.
Conclusion
The preliminary phylogeography of the Black Grouse demonstrates that this species has been a part of a continuous Eurasian population with Pleistocene refugia in Central-East Asia and a possible refugium in western Europe. Such refugia have been revealed in other studies but specific locations are still lacking. The recolonisation of central and north Europe started somewhere in Asia and the expansion was possibly fast because the genetic differentiation within northern Europe was low.
We found support for three subspecies/clades along the large distribution of Black Grouse, plus a possible new ESU in southern Europe. More detailed work with larger sample size throughout the Asian range is necessary to clearly understand the colonisation process and subspecies distribution of Black Grouse. A limited sampling within refugial areas might suggest the absence of haplotypes that might be found elsewhere (Provan and Bennett 2008) . Moreover, the possible correlation between the distributions of Asian Black Grouse subspecies with the distribution of refugia remains to be investigated (see Holder et al. 1999) .
